The precarious temperature regime, associated with the negative influence of other environmental and biotic factors, represents a major risk for the survival of the thermal rudd from the lake Ochiul Mare, located in the Pârâul Peţea natural reserve. Therefore, a complex morphometric and body geometry analysis was conducted on specimens collected in 2013 in order to define the variability of the present population. The relatively small sample size is due to legislative restrictions on collecting endangered species, so statistical methods of analysis were applied to increase confidence in the assertions.
INTRODUCTION
This study is a part of a larger research effort regarding the ex situ conservation of two critically endangered animal species from the thermal lake in "Peţea Spring" Natural Reserve, near Oradea, north-western Romania.
Ochiul Mare Lake was formed in the second half of the Holocene (Sümegi et al., 2012 in Sîrbu et al., 2013) and is a unique ecosystem where endemic species are living; the lake is the only location in Europe where the Egyptian white water-lily (Nymphaea lotus L. var. thermalis) grows naturally, along with the thermal rudd Scardinius racovitzai (Müller, 1958) and the thermal snail Melanopsis parreyssii (Philippi, 1847) which are both critically endangered species (Freyhof and Kottelat, 2008; Fehér, 2013) .
Water temperature is a limiting factor that affects fish development, reproduction and survival. Annual and multi-annual statistical sesonaly temperature measurements in recent years have revealed frequent values below 20ºC during winter over significant surfaces of the thermal lake, a value previously considered the lowest tolerance limit (Bănărescu, 1964) .
Telcean and Cupşa (2013) noted that the natural and ecological barriers between the "Ochiul Mare" thermal lake and related aquatic ecosystems have changed during the last few years, affecting fish population dynamics. Thermal conditions in "Ochiul Mare" lake have dramatically deteriorated as a result of overexploitation, consequently, there has been a drastic decrease of thermal spring flow, water temperature and level. The 42°C temperature according to Kováth (1977, in Telcean and Cupşa (2013) decreased in the '90s as shown in Crăciun (1997) in Telcean and Cupşa (2013) , down to 34-35°C in summer and 26°C in winter. Our field measurements revealed water temperature values below references. The drastic decrease of water level and temperature affected the entire ecosystem, so we proposed to test the morphological variability of the present thermal rudd population (Scardinius racovitzai) sampled during 2013, and compare it with a sample of its congener S. erythrophthalmus and to data from previous research (Müller, 1958; Bănărescu, 1964; Berinkey, 1960) . There are several previous references regarding the morphology of this species; one considered this population as a species with a Miocene origin (Müller, 1958) , another a subspecies with a more recent derivation from the Central European common rudd (Bănărescu, 2002) . Telcean and Cupşa (2013) acknowledge the population as a valid species endemic in the thermal lake of the Peţea Creek. The present paper attempts to complete the data regarding the morphological features of the population that still persists in the thermal lake. Despite various references regarding the morphological, physiological and behavioural differences between the two species, application of molecular techniques are necessary for clarifying the taxonomic status of the thermal rudd population from the thermal lake (Bănărescu, 2002) .
MATERIAL AND METHODS
A group of 19 thermal rudd specimens were approved for collection by Order no. 1231/2013 of the Environment and Climate Changes Ministry and were captured by use of scientific fishing net with 10-16 mm mesh sizes during sampling trips in August and October 2013.
The sampled fish were transported alive, in 50 l plastic bags with a 1:3 water/oxygen ratio to the Aquarium facilities at the Museum Complex of Natural Sciences "Răsvan Angheluţă", Galaţi, Romania.
Digital pictures were taken with a CANON A590 IS camera on the left side of each fish and 23 landmarks were defined and recorded as two-dimensional coordinates. Landmarks were selected to provide a homogeneous view of the whole shape. The operation was partially conducted on live specimens mindful of the project and legal demands (fish propagation and re-introduction of all adults and juveniles obtained by captive propagation back to their native environment).
A total of 14 morphometric characteristics of the fish were measured and the body weight of each individual was assessed to an accuracy of 0.1 g. A multivariate approach was applied for the morphometric method using Systat 10.2.
Geometric methods were also applied with MorfoJ 1.05f. The shape information was extracted by Procrustes superimposition, which removes variation in size, position and orientation from data on landmark coordinates. The coordinates of the superimposed landmarks were used in multivariate statistical analysis to address the main question: the current variability of the thermal rudd population strongly affected by ecosystem deterioration. There is a degree of similarity between this species and its congener Scardinius erythrophtalmus and the statistical approach helps to analyse the separation between specific groups (species/ecotypes).
RESULTS AND DISCUSSION
"Pârâul Peţea" Natural Reserve. The morphometric data were studied in order to assess the variability of the present critically endangered population. The main body measurements were made on 19 thermal rudd individuals (Fig. 1) .
The standard body length of S. racovitzai individuals is between 83.34 -108.89 mm (minimum -maximum values), individual weight is 9.99-20.27 g. Equation 1 allows the computing of the Fulton Factor by using the weight/length relationship, one estimated the condition status of fish.
(1) , The allometric coefficient b assessed before spawning season that is 3.7688 reveals a positive allometric growth, with a high level of weight/length relationship (R 2 coefficient, of weight/length regression, was 0.84). The resulting data was compared to data published by Müller (1959) , Bănărescu (1964) , based on 69 individuals, and Berinkey (1960) , based on five individuals, and data obtained by Kottelat and Freyhof (2007) . It was observed that the lowering of ranges of some morphometric characteristics can be linked to the phenotypic plasticity of the fish which quickly adapt by modifying their physiology and behaviour to environmental changes (Bohlen et al., 2008) . The dwarfism as a response to the thermal environment is noted by Bohlen et al., (2008) and shows the comparably small size in Cobitis elongatoides and Sabanejewia balcanica under the influence of warm water from the Băile Episcopeşti thermal spring.
The modification tendency of some of the morphological features of thermal rudd is consistent with the opinion expressed by Bănărescu (2002) regarding the recent derivation of species from the Central European common rudd, Scardinius erythrophthalmus.
The morphological variation in fish from the S. racovitzai sample was compared with data published by different authors (Müller, 1958; Berinkey, 1960; Bănărescu, 1964; Kottelat and Freyhof, 2007 ) and includes differences in magnitude to its congener, S. erythrophthalmus, and is assessed by the hierarchical clustering complete linkage method (Wilkinson, 2005) . This procedure allows detection of natural groupings in data (Wilkinson, 2005) . The data matrix used includes five morphological characteristics: body height, the lengths of head and caudal peduncle, minimum caudal peduncle height and eye diameter that can be found in all the next five cases:
• studies of Bănărescu (1964) and Berinkey (1960) regarding S. racovitzai (the results obtained by Müller, 1958 are similar to those published by Bănărescu, 1964 ); • study of Bănărescu (1964) 
regarding S. erythrophthalmus;
• the results from this study regarding the morphological features in thermal rudd;
• for a better representation of data grouping, we added the measurements of these five characters in S. erythrophthalmus captured and measured within this research.
The output of hierarchical clustering is displayed in the dendrogram from figure 2 that represents the evidence of similarity and dissimilarity between results. The morphometric dendrogram revealed the clustering of our results and those obtained by the authors mentioned above, regarding the S. racovitzai morphometry. with the Euclidean distance as a similarity measure.
The distances between similar clusters and the remoteness from S. erythrophthalmus clusters is shown in table 2. The clusters containing the body measurements in S. racovitzai from different studies (the results from this research as well as those mentioned by Bănărescu, 1964 and Berinkey, 1960) were joined at the smallest Euclidean distances: 1.561 and 2.035. Statistical analysis of morphometric data carried out during experiments. Principal component analysis allowed the identification of a combination of variables that influence the overall variability and the size of their impact (Prein et al., 1993; Stenson and Wilkinson, 2005) . This approach to data analysis was applied in order to expand the degree of confidence in the conclusions, taking into account the small sample size which was limited by legal permit (1231 Order from 2013 of MMSC regarding the approval of exemption for scientific purposes capturing in some wildlife species).
The principal components analysis of morphometric values prove that the first two principal components sum up to 57.454% of the total variance (42.326% for PC1 and 15.128% for PC2), which means that more than 57% of the variance of all body variables is explained by the first two factors (Fig. 4) . Looking for variables with high loadings, it is observed that the PC1 includes the significant, positive contribution of body height, caudal peduncle height and length, ventral, anal and dorsal fins length, and negative contribution of head length, mouth length, preanal, predorsal, preventral and preorbital distances (Fig. 4a) . In the same way, PC2 indicates the positive contribution of characteristics like fin lengths (ventral and pectoral fins) (Fig. 4b ). Morphometric comparison between S. racovitzai and S. erythrophthalmus. A multivariate test was applied for a comparison between the thermal rudd sample captured in 2013 and a sample of its congener S. erythrophthalmus (eight individuals) collected from the Danube River population (Mm 80) in order to complete the data regarding the morphological variation in thermal rudd and to assess its plasticity. The significant differences in the main characters of fish from the two samples by applying the T test (P < 0.05) were noted in table 3 as "characteristic S ". The objective discriminant analysis (developed by Fisher, 1936, and quoted by Engelman, 2005) of morphometric measurements on samples from the two species was the identification/verification of the most relevant characteristics for discerning between two samples of the two species (Engelman, 2005) . The sample frequencies are noted on table 4. The thermal rudd group is divided in three subsamples in relation with the time of capture (August, October and November 2013). Between groups F-matrix shows the F parameter value for testing the differences between each pair of groups and all the variables. The F values are proportional to distances measured on morphospace. They are computed from Mahalanobis statistics (developed by the Indian statistician Prasanta C. Mahalanobis) (Engelman, 2005) and prove the correct classification of the thermal rudd groups with the farthest distance from the S. erythropthalmus group (5.736, 10.570 and 6.412 respectively) (Tab. 5).
The reliability of discriminant analysis of morphometric characters of fish from the two species is assessed by Wilks' lambda statistical index, which tests the dispersion among all the groups on all the variables (Engelman, 2005) .
The computed value of Wilks' lambda statistical parameter (Wilks' lambda = 0.0152, prob = 0.0000) reveal discrimination with an advanced degree of confidence (P < 0.05).
The F-to-remove statistics (Engelman, 2005) determine the relative importance of variables/morphometric characters included in the model (Tab. 6). We noted that a number of six morphological characteristics are the most useful for discriminating between the species (head features, caudal peduncle, pectoral and ventral fins lengths). (4) 5.736 0.000 The classification matrix shows a high percentage of classification validation in all cases (100% correct classification).
The correct classification in thermal rudd was also confirmed by Jackknife matrix analysis that uses functions from all data except the case being classified (Engelman, 2005) (Tab. 7) ; the lower percent in the Jackknife panel could be assigned to the high number of predictors and small size of S. erythrophthalmus group. The Canonical scores plot generates the graphic in which the axes are canonical variables and the points are the canonical variables scores (Engelman, 2005) . The confidence ellipse (P < 0.05) of each group is centred on the centroid of each group (Fig. 5) . Based on body measurement values, the groups are clearly distinct. The distance between the ellipses of groups from the same (thermal) ecosystem was explained by the different methods for taking pictures (live/dead specimen) and the small number of observations. The geometric statistical analysis. The S. racovitzai was considered a subspecies for a long time by some authors (Bănărescu, 1964) , although the same author, in 2004, still considered that molecular techniques were necessary in order to clarify the taxonomic status of thermal rudd. A second approach of analysing of differences between S. racovitzai and its congener, S. erythrophthalmus was made by the body shape analysis. The 19 thermal rudd individuals randomly chosen from the fish population were used for a comparative, intraspecific and interspecific study with closely related S. erythrophthalmus (eight individuals).
The statistical test was made by use of the MorphoJ software through the analysis of the principal components analysis (PCA) (Klingenberg, 2011) and canonical variate analysis (CVA) (Klingenberg, 2011) of body shape.
The principal components analysis (PCA) allows for conclusions about shape variation between the samples, and was also used as an ordination analysis for examining the arrangement of specimens in morphospace and to discover patterns in the relations among observations (Klingenberg, 2011) . The shape information was extracted by Procrustes superimposition (Goodall, 1991 quoted by Klingenberg, 2011) which removes variation in size, position and orientation from data on landmark coordinates (Polly, 2012; Zelditch et al., 2004 in Klingenberg, 2011 . Each specimen is represented by the relative positions of morphological landmarks that can be located precisely and establish a one-to-one correspondence among all specimens included in the analysis (Klingeneberg, 2011). Information on the size of the landmark configuration is retained in the data set and available for subsequent analyses (Polly, 2012; Dryden and Mardia, 1998 in Klingenberg, 2011) .
PCA was performed ing the co-variance matrix of the Procrustes coordinates of each sample and the first two components sum 62.494% of the total variance (Tab. 8).
The two scatter plots of PC scores from figures 6 and 7 display the patterns in the relations between observations, two ways of their grouping being applied for a higher confidence of results. PC1 separated the S. racovizai and S. erythrophthalmus (Fig. 6) . Similarly, PC1 separated S. racovitzai individuals from 2013, August, October, November subsamples and S. erythrophthalmus (Fig. 7 ). Canonical variate analysis (CVA) allows a different type of ordination analysis, which maximizes the separation of specified groups (species/ecotypes, Klingenberg, 2011) . The results provided the shape features that best distinguish among the fish groups from Peţea Lake and Danube River.
The scatter plot of the CV scores displays the species separation (Fig. 8 ). CVA generated as a result the matrices of farthest Mahalanobis distances between group number four (S. erythrophthalmus) and the other three (representing the observations on Peţea lake fish) (Tab. 9). P-values from permutation tests (10.000 permutation rounds) for Mahalanobis distances among groups are statistically significant (P < 0.05).
The analysis of the geometry of individuals from the two species generated results in accordance with the morphometric discriminant analysis, yet a larger number of observations are needed for greater accuracy of results. 
CONCLUSIONS
Following the deterioration of the thermal ecosystem, one proposed the morphological variation in S. racovitzai and a detailed testing of morphometric features of individuals extracted from present thermal rudd population (Scardinius racovitzai) sampling during 2013, by comparing it to different references and also to its congener S. erythrophthalmus.
This study completes the data regarding the morphometric characters in S. racovitzai. The statistical analysis of morphological characteristics of S. racovitzai revealed slightly decreased ranges of them when compared to other references. This can be linked to fish phenotypic plasticity in relation with thermal environments, but there are also several other factors that could influence their physiological and behavioural responses: drastic evolution of abiotic factors from the last years during first stages of fish development, availability/abundance of food resources, etc. That is why a detailed study of scale morphometry as a measure of habitat condition is needed to in order to expand on the conclusions regarding the fish plasticity findings.
The hierarchical clustering complete linkage analysis revealed the similarities between data resulting from this study and available data from literature regarding S. racovitzai morphology. The dissimilarity with its congener, S. erythrophtalmus is also evidenced by graphical dendrogram and the farthest distance between clusters of two species.
The PCA analysis of morphometric data in S. racovitzaiexamined the patterns in the relations among observations and identified the contribution of several body features on the overall variability of fish such as body height, caudal peduncle height and length, fins length, head and mouth length, preanal, predorsal, preventral and preorbital distances. The large number of variables with impact on this variability is connected to sample size.
The geometric and morphometric analyses revealed shape variations and statistically significant differences between the populations of thermal rudd and S. erythrophthalmus. A total number of six morphological characteristics are the most useful for discerning between the species (head features, caudal peduncle and pectoral and ventral fins lengths).
Despite a clear separation of specified groups in the morphospace of multivariate analysis, applying molecular techniques is necessary as the modern technique for distinction between species or ecotypes.
